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SOLUTION OF SYSTEMS OF LINEAR TQUATIONS ON L. I.

QUTENMAKER'S KLECTHICAL MODFLS

[’p a'ge&ij T. S. Oradshteyn

ZNoto: The sbove is the title of an article written by I. S. Gradshteyn
and appearing in the Izvestiya Akrdemii Nauk SSSR, Otdeleniye Tekhnicheskikh
Nauk, No. 5 (1547), pages 529=584, The article was read 11 Nov 1946 at the
seninar on precisson mecha:ics and computational tachniques, given by the
Section of Precision Mecharios in the Machine Building Institute, Academy of
Sciences, This article is summarized below/.

The present work is devoled to the problem of stability in the solving
of systems of ordinary linear differential and algebraic equations expressed
in the matrical scheme proposed by L. I. Cutenmakher ("Artificial Reproduc=
tion of Physical Fhenomena for the Solutiocn of :o’_echnicnl Problems", in IAN,
OTN Nos L, 5, 1945; "Electrical Circuits for the Approximste Solution of
Systems of Equations", Doklady Akademi Nauk SSSR, Vol 47, No. 5 (1545); and
"Electriéal Schemes for the Solutions of Systems of Equations", Elektrichestvo,
No. L (1946), co=suthors Ne V. Korol'kov and V. Ae Taft)s This work is con=
cerned with finding the cases where the sche me operates stably; that is,
does not generate, The results .obtained can be fomlate:}‘.hus:

Let there be given: systems of linear differentid 1 equations with constant

coefficientst

n \
e pdf=qo G=bzenn
é'—"o’

The atability of operation of a matricel scheme for the solution of this
system depends only upon the coefficients of the derivatives and not upon

the coefficients of the unknowns, The scheme will operate stably if the

ale

CONFIDENTIAL

- . '
Declassified in Part - Sanitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110065-8




¥
3
i
Bl
¥

o e

i T

st

eclassified in Part - Saniti p K r -| - -
i iti
fi ized Copy A
- d in P: S. pproved for Release 2012/06/08
: Cl.
for R 1 |A-RDP82 00110065
00039R0001001 8

GONFIDENTIAL

eoef ficlent® LYY of the Jerivatives gtanding in the maln diagonal ore posi-

tive and the matrix of qoefficients, LI ||, is
angularity of matrix “bi3 \\ is merely 8 sufficient condivion for stable

griangulers The tri=

operation of the sgchemes the poslbivenona of the dingenal g@efficicnts LIT

in Lae Lrisngulsr matrix ig & nocessary condition.
1f the mutrix 11b34 11 of coefficients of the derivatives are degcnorate.

the scheie vill geuerally ppenking penerate. 1L, nowever in L@ JATAA 2B 3 of

coeffieienta of the derivstives any line conaists of complex 761008, then

the st bility of operntion of the schewno dapends upon that patrix in which

e coefflcients of the aought-ror functions are oeb in the correapondinz

1line. Thus, if the first of our equation is algebraic - thut 18, of the

form N

@)
Z,}_léué = Y,

5::1

yhen tne atebility depends upon the following mubrixs

891 12 81n

by b Yon

boa Dogr ot b
nl n2 an

1f all the glven anuetions are clgebraic, then the stabiliby dependa

upon bthie notrix \\aia\\ , a8 naturally expected.
flor atubiliby of operation of natricol scheneésd with anplifiers during

the golution of algebrnic equations, i¢ 18 sufficiexm for this gysten that

Lhe aequenbial syerative process be convergent. NeoowdaTy te the n1imit"
A mecessal’’ -
criterion of convergence of this 1erationA A wide class of systems of

equationd 1a sosily tranafcrmed go that they could be golved in the mabrix

geheme. In parhicular, all those equations will be solved in & matrix

scheme which gatinfy any of the aurficient eriteria F of convergence of an
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iterative process, ae indicuted in R, Mises' artinle "Verfahren der Llel=

chwngeuflosung”, ZAMM, Vol 9, pp 62-68, 1929. ('§;;e| In tule work, the

TR e o IR

sufficlent eriterion of convergence of the iterative .rocess according to

eidel wlll be used),
111 thut has been eald concerning the etability of solutlons of systaus

L B

of nlrelraie equstions appliea alae te eyste-s of differantinl enuatlions,

In this latter cnge sll considerations concerning thie convergence of the
iterstive ;roce 8 must refer to the m trix of coefficients of the der= i
ivitivos, 'lherefore, durlng & solution of systens of linear diflerential
eruations, it is sufflelent in most onses to regu:h:ezr::::Lituhle manner
the-sysban in order thut bheeg;otam aliht not penerate,

This article contains certuln results of two works puvliahed by the
author and V. A, Taft - ("Ilectrical ! odleling of Fhysicenl Irocesaes with
the Aid of Umtrical sehemes with Amplitiers", in IAN, TN Hos 1 und 3,
(1946), In particulir, the operutor goelficient of wnjlirle.tion ol « one-
stage amplilier was evolved by V. A, Taft und luter improved by N. I. 3Shteyn.
M, I. 3hteyn also guve the differential equations that describe the oper=

j abion of u one=-stage smplifier with inverter stago.

2

Formulas for setting up the sehome of initinl coniitions were proposed
by M. V, Korob'kov, who give a Jderiv.tion for these formulas which dJdif'ers
from thot given here. The theory, gonstructed by the wuthors, of the stab-
111ty of operation of :strie.l scheies ulso per.iis one to investigute the

error arising Juring solution of the aquations.

e e et - AP G

2 The presentation is divided lnte two socbions: A, Solving tho Dif-

forentisl igurtions, and B. olving the jleebraie Jquations, which in

burn are livided into the fo;lowlrg toples:

A

1. Neseribing Lue Schome tor the Solution oi o 8ystem of Linear Difruren-
tial Equutious +ith Gongtant Coefficionts.

Cne=stage Anplirier; Birferential Eﬁuuhions th t Deseribe its @peration.

- -
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V
4, Stability ef Cpecatlon of Metrinal Sehemeay selting up the 'rablem, :
'z h, ‘ain Theorem en jtability.
,‘ 5, ipne-sture Mmplifier with Inverter .tage,
F 6, Cperuter teeffielent of 'mplific tion, ]
7, Ihyaleal slgrifieunce o Lhe ' in Theorem on 3tability.
‘ 8, eclnlel  ccution of Stability of Operstion nf Schemes,
9, asalgning the Toini 1Y v o o Ihe Jealred Funotions in & Matrical
Jecheme, |
3 |
1. Matrical schomes by nesistunces; iatt ing g tle Cieblem on stubility. |
2. Sccond Thesrem on Stubility.
3, Operation Coefficlent of mplitic.tlan, il the A.bllity Crdterlon
‘ Governing tho stable Gperatlon of u Scheme, i
I, sSolving a Syotom of whiewr oleeldt Lo .quatiens by the ILeration : ethod, !
5, stability of vperatien of a Subriesl scheme with smaplidiu g, ond Lhe |
. gonvorgeuce ol the Tteration rrocess,
6, Stability of Uperution of One fnplifierr with Foedbuck, }
7, Investipating the Geueral fuse:s The signs of £1) are irbitrery,
. 8, Physical Significrnce of the apiterion of stability (System of Two
% uatlona), ]
§ 9, 3olving a 3ystem of Algebraie Bauations in u ‘stricul Sehome with ;
Capacitors,
|

ND
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